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Effects of tannins from Granati Pericarpium on endogenous substance metabolism
and analysis on metabolic pathway in rats with glomeruloscerosis
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Abstract: Objective A urinary metabonomics method based on liquid chromatography-mass spectrometry (HPLC-MS) was used to
inspect the effect of tannins from Granati Pericarpium on endogenous metabolism of rats with glomeruloscerosis, the potential
biomarkers were searched and the metabolic pathways were analyzed to provide relevant theory for treatment of glomeruloscerosis.
Methods Forty-eight SD rats were divided into control group, model group, benazepril hydrochloridec group, and three doses of
pomerganate tannis groups. Glomerular sclerosis model was established by unilateral nephrectomy combined with two tail iv
adriamycin; 24 h urine of rats was collected after the rats were orally given tannins from Granati Pericarpium for 8 weeks; HPLC-MS
was used for testing and analyzing the urine; Principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA)
and orthogonal partial least squares discriminant analysis (OPLS-DA) were used for data treatment of each group to search the potential
biomarkers and build the metabolicomics pathways. Results The urinary metabolism of rats was clustering. Ten potential biomakers were
screened by analysis and identification of important variables; The metabonomics pathways involved tryptophan, alanine, aspartate, glutamate
metabolism, etc. Conclusion The trend of endogenous metabolism of rats with glomeruloscerosis is normal after intervened by tannis in
pomegranate tannins from Granati Pericarpium. It provides the basement with the further research of clarifying the mechanism of tannins
from Granati Pericarpium inpacting on rats with glomeruloscerosis.
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4~0 5 FARGES LA B T TS 2 KR
ik —iEe 45 HL, s 4 4LAad 0.5 cm A IEAT ik 4S
FL, FEAEREAL I A b, E 2 WSS L AL,
T AREY—IF S i kA S 20k, 4506 H 2 1.
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40 C, 1817 30 min. WENFH A A LM, WBhAH B
H0.1%HIR/KAR, ABUAE A 2 mL/min. BEM
BhEE: 0~5 min, 0~20% A; 5~12 min, 20%~50%
A; 12~25 min, 50%~80% A; 25~30 min, 80%~
100% A. BAEHIEN 4 000 V; FALEE TN
275.8 kPa (40 psi); TS AARIME 10 L/min, T
BRI 350 °C, SRR, sl miz
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AR B B /s ek (PLS-DA) M E A i £ /)N
RIS HT (OPLS-DA) BEAT IS4 T . i
7351 (scores plot) HLIRAS AL (A (1) 22 57, T
1 AR S e K 2 254, - 4R08 i m) 22 S
A DIbRED . A HdERH SPSS 20.0 ettt
AR AT A B, S A B L x£s Ron, R
One-way ANOVA V5K ) i) 41 1) (1) 22 5
3 &R
3 KERREZEBTHIFR

KB 24 h JREEEASE REIR GR D), 45252
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Table 1 Changes of proteinuria in 24h urine of SD rats after 2, 4, and 8 weeks of treatment (x £5,n=28)

JREE A HE/(mg24 h ")

2 pl(mgkg™)

ZiJG 2 R ZiJG 4 R 25 8 Al
pagidl — 4.784+1.28 6.34+0.51 8.4540.15
il — 221.34+3.68" 257.60+1.10" 280.624+2.89"
DL ) 10 168.50+4.90" 173.40+5.36"# 179.60+3.65"*
KR 2 A o 20 197.96+3.85" 198.354+2.85" 210.30+7.58"
40 156.824+5.94" 168.96+6.94" 192.68+6.46"
60 110.09+3.89™ 123.9646.42"# 137.70+3.17"#

SEFRALE: TP<0.01; HGHBALLE: *P<0.05 #P<0.01
P <0.01 vs Sham group; “P<0.05 P <0.01 vs model group
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Fig. 1 Total ion chromatograms of urine of dosing rats
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Fig.2 PCA plane scoring chart of Sham group and model group
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Fig. 3 PLS-DA plane scoring chart of Sham group and model
group (a) and permutation test (b)
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T AERA IR A R I 2 e AR B, AT A )
BE S Ak, Wik OPLS-DA 43 b7 ik JEHAHH 5 1 iF
WG, Sa AR EEEBEME (VIP),
NI A SR A5 1) 2 S P EA R A B o T

ARSI ARAL, BIAA, DUBSRAH, A
MR E . P AR RS2 8 JJEM) 24 h
JRIGEFEASEAT T OPLS-DA 43#T, iS5

t1]
A-BFA BAER C-UUREF D148 S5 60 mgkg ™
E-f1 ¥ B E)5T 40 mgrkg ' P-4 A% BB 20 mgkg !
A-Sham B-model C-benazepril hydrochloridec D-60 mg-kg !
of pomerganate tannins E-40 mg-kg 'of pomerganate tannins

F-20 mg'kg ' of pomerganate tannins

4 ELEE NPEFFAEEER%ZE OPLS-DA
THEESE
Fig. 4 OPLS-DA plane scoring chart of Sham, model,

benazepril hydrochloridec, and pomerganate tannins groups
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i S, M Metline HMDB. KEGG. PubChem
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¢ %% Chinese Traditional and Herbal Drugs 38 48 % 28 10 #§ 201745 A © 2077 -

3.7 BEEMREMNEIFEEX

TEVRNRER AN S-FR i, SRR RIRIRSE 2

KHI SPSS 13. 0 BAEXT & A NEAE ARG ARSI, ALK R PRI ) 32 A
AR T AR IEST one-way ANOVA T, S5 R LK 6. il V= IR NN AL CABHTRYI I A
AL PTHAER) 10 DAREL HNERBERATOCME ERRKRIE ST, AR HRA KR O
FELEDRR YT, RN K0 T B MR AL KRR (P<0.05), WoRth st ik

2.0

L5 %
= 1.0 % 4
= = e
05 § 3

0 B %

-0.5
11 6 272 15 7 20 1913 26 1218 1 3531 32 4 40 3342 17 8 24 16 5 30 9 36 2328 2122 34 14 2910 37 3 4125 3839
3
5 OPLS-DA BY VIP iR E
Fig. 5 OPLS-DA VIP column chart
R2 BENEMIREY
Table 2 Potential biomarkers
X A
T 5 B4 I (8] mlz AT HE I3 FR ™ - ™
e WML vs BTARAL 20254 vs UL
1 1.31 204.22 5 TR C,H;,N,0, vV 1 #
2 1.49 147.13 LA CsHyNO, Ve t#
3 1.69 118.09 TEHR C¢Hs0, . L
4 1.87 113.10 WLEF C,H,N;0, v t#
5 3.53 317.50 UL Cy5H3sNO; t e
6 5.01 125.15 AT PR C,H,NO;S v t#
7 5.43 209.16 RIRIE CoH,NOs t” | #
8 10.45 164.15 R R CoHgO4 Ve t#
9 26.49 192.14 Frig R CeHq0, Ve t#
10 9.20 244.01 FRAF V t

EEFR4E: "P<0.05 “P<0.01;

EROMA . *P<0.05 #P<0.01: t-LiE, |-FiM

"P<0.05 “P<0.01 vs Sham group; "P<0.05 P <0.01 vs model group; 1 -upregulation, | -downregulation

AR e T

124

101

— 5
== i
FRE R 60 mgkg !

B WU HEERERE R R KAEIR

HEFARALLE: "P<0.05 TP<0.01; SEMALE: "P<005 "P<0.01
"P<0.05 ""P<0.01 vs Sham group; "P<0.05 P <0.01 vs model group

6 FHXRRMEPBEEMIREYETIEER

Fig. 6 Relative peak areas of potential biomarkers in urine of rats



* 2078 ° L3

Chinese Traditional and Herbal Drugs % 48 % 35 10 8] 201745 A

TR AR, g 22 PR P = R R LR R A
. (P<<0.01), RYICZIRAUEHHIE, [FINK
PRIGIE AN Btz T 55 S R PR IR iy
JE AR A5, A R R BT BN ER PR
PEA QU AT TR P A

BRI MR T IR, REs S a4 &
JUCHE AT 5 e R A QA (10 B v ) (A S 2 B, 55
BT AR AT A s IR B2 W& BN (P<
0.01), Ui B IE W K RIS IS 43 2 IR AR R A T
Lo FTERIRABRE MR A — SRR AL RE P ) 3
FErhial 2 GO SRR PR A kAR Y A
JRHR Ty, B HEE BENTRAE R TR A
AL Z AR, BRI T R IR AN B FA 1R
AR fE 3 ST ARAUR AR B, g T4
B SR AR AT I, U WA R B R o
HENE LG8 B /N ERIEA K B e S AC I

JULET 2 R PR s RE M A A TR bR —, KBUR
BCHE KLU A A N LIR 1) 2 A 4, LTS
R B, B RN ERYE HE AR A,
M NERRE AR, IR D RERt S B, BRI
TR AN A odR, BRI B BRI
(LIPS N VL RS A 97 9IS 2 s R R VI 1
B, A b /N EREE AR K BRI AR AL
P2 BRI (P<<0.05), (A4S T AR s
JUUBTHEEE 8 0 (P<<0.05), LT RS2 i Pk 52 1E
EIRBUAE ig 25 24 B /N ERBE AR AT i e o

FD I 2 L E A Z NG R, A
NUARNEHRAL RS2, AR k. T
AR BB T AR A s bR s o,
FEATRR B3R T T0UR AR IR 2 T H 7K, B
B NERIEAG T g 5 2 A QU AR R A AT
AR AN, BAIHIE TR L AR,
TR INERAEAR = 1753 R R ANE R O B AT R
TSR SRR P /BRI T R RERS, B/
FRIY T B/ B /INERBEA L 3 A e 8 e A ),

HIF B A 75 A R A SRR N = IR I B
Fetby, A A EIR N R RN 2R, RN
WIOCGERS RN & R, IR EES 2B
7= ) A [ 7/ N = gD A AR PN N 1
WA A Mo B /INERBE AR T2 K SR
HR T B R D, U W] B JEURE AR TA 2 MR
b, FEMHUA R A 2R A RN, A izt
WA ) LRPRHESA R R I, 45T R B
JE SCAFLAET, - T LA /MR

PREFZEAIRIN— T, LS 5 IR
(RIte s, LA ] LU LR AR e B i e, A
S 45 R R B NERBEAL K B PR A
BFARLUK kD (P<0.05), TGRS K BB I
W, FCHUAK IR I 5 sk n ),

3.8 BELYREMRRER ST

R S BB AE B bR RN MetPA Hdla %

AT T, AR, 2R 3 AR 7 AT AR R

&3 BT MetPA SEI BRI SIS R
Table 3 Results of unique path analysis by MetPA

ARt Total Cmpd Hits Raw P FDR Impact Details
D-BABNEAR 20 2 0.0038115 0.14991  0.07922 KEGG
JEES P T R IR I 22 2 0.0046121 0.14991 0 KEGG
WER . REEARABERH 24 2 0.0054845  0.14991 025949 KEGG
—IRERIGIR 5 1 0.024 491 0 0.50208 1 KEGG
A I AN A R A C i 8 1 0.0389380  0.51206 0.42857 KEGG
LY AR 69 2 0.0418790 051206 0 KEGG
BACHT 9 1 0.0437130 051206 0 KEGG
MR 15 1 0.0719360  0.73734 0 KEGG
ZIURIRAR 18 1 0.0857770  0.77823 025806 KEGG
NRAC 20 1 0.094 906 0 0.77823 0 KEGG
AW H AR 26 1 01218300 086268 005534 KEGG
IIBRFN -2 2R AR 27 1 0.1262500  0.86268 0 KEGG
IR AT 40 1 0.181990 0 1.00000 0.17715 KEGG
A i 41 1 0.186 140 0 1.00000 0.01202 KEGG
K = RN T = R Y 44 1 0.198 5100 1.00000 0.09347 KEGG
NEYH IR B Ak 46 1 0.206 670 0 1.00000 0.02976 KEGG

Total Cmpd: SEETLEWEEG Hits:  EALRIb S YEE S AR AR VLRGN 4G Raw Pr Sl /0 3 HH A0 LG P fE; Impact: 1
AR AN AT AIE R SR, FDR: 45760 P EICISMERSUE; Details: U8 Aok R

Total Cmpd: total number of compounds in pathway; Hits: number of markers that uploaded data matched by repository Raw P: original P values
obtained by path analysis; Impact: impact of path by topology analysis; FDR: false discovery rate; Details: the source of the metabolic pathway database
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Fig. 8 Metabolic networks of different metabolites in relevant metabolic pathways
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